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Abstract  
Geothermal systems are becoming increasingly popular during the surge of green building. However, their popularity is limited 
by a lack of knowledge and perceived risk associated with a new system. These systems do not pollute the environment because 
they operate from earth’s natural energy and do not alter chemical compounds. Geothermal systems are cheaper in the long run 
because only equipment that uses combustion requires expensive fuel to operate. These savings counteract the higher price of the 
equipment installation. Energy conservation also benefits society because there is less damage to the environment. Buildings that 
are sustainable can be recognized with LEED certification but properties that violate environmental standards can be penalized. 
Geothermal systems are a good option to improve sustainability because it can improve the quality of the work environment and 
profitability of business. Moderately sized retail building projects that use them are at an advantage compared to those that do not. 
This paper provides an in depth study of geothermal system for retails stores in Northeastern United States.
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1. Introduction
Humans have a relationship with the earth where the natural world provides all the needs of humans including 
food and shelter. In early times; humans gathered natural plants and hunted animals for food, and created fire for heat. 
These are the earliest examples of humans using the energy of the earth. As knowledge and better methods were 
passed through generations, humans learned more efficient ways to produce food. Likewise, the primitive shelters 
evolved into structures that protect against the weather and eventually provided water and electricity. The comfort 
level within buildings is the most important and basic thing to be maintained. Insulation is the use of materials that 
slows heat from escaping a building during cold times and slows it from entering during hot weather. In very hot 
climates, humans have adapted to survive; but in cold areas insulation is not enough to maintain comfort within the 
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building. Wood fires were used in early homes for heating and cooking, but humans have learned that different fuels 
are more effective for this purpose. 
Burning fossil fuels produces pollutants, most importantly carbon dioxide, which in extreme levels damage the 
environment by rising to the atmosphere. Carbon dioxide is a chemical that has its function in the earth’s atmosphere, 
as it is one of the greenhouse gases. In simple terms, greenhouse gases trap heat within the earth’s surface. The increase 
of fossil fuel burning has risen to excessive levels since the Industrial Revolution. The popular scientific belief is that 
higher levels of carbon dioxide are enhancing the greenhouse effect, leading to an unnatural rise in temperature. This 
is supported by various meteorological data that show earth temperatures steadily increasing within the past century 
[1]. The heat transfer of water on the other hand makes for more rapid conduction, as well as it being more complete 
and efficient. Extracting heat from water at freezing is roughly equal in performance to a traditional air source heat 
pump extracting heat from 60 degree air [2]. In 1945 Robert Webber of the Indianapolis Power and Light Company 
installed what is considered the first geothermal heat pump at his residence. During the next few years, all of the 
popular forms of ground source heating coils that are seen today were introduced in their early forms [3]. 
2. LITERATURE REVIEW
The Smart Guide to Geothermal [4] is a guide including many aspects to consider concerning these systems. 
Geothermal technology is introduced as the leading technology for this generation; in fact, in several generations from 
now burning oil will be considered primitive. Cool Companies [5] describes the advantages to businesses of decreasing 
greenhouse gas emissions, which geothermal technology helps to achieve. The claim is that if a majority of companies 
adopt strategies to reduce emissions, the world’s environmental obligations will be satisfied, and the economy will be 
stimulated. Companies that reduce their levels of greenhouse gases by 50% decrease costs and increase productivity, 
which leads to a return on sustainable system cost of at least 50%. 
Building for the 21st Century Grid [6] compiled articles concerning various technologies for 21st century 
buildings, which describe case studies that implement them. One of these articles concerns an HVAC energy 
conservation program for San Diego schools, which were suffering from thermal discomfort and outrageous energy 
costs. Not surprisingly, this program did not involve geothermal equipment as it took place in 1995 before that became 
popular. The schools involved used a wide variety of possible HVAC equipment for heating, but the majority did not 
have air conditioning due to the mild climate. The discomfort and wasted energy was the worst in the schools that had 
rooftop units with the potential for both heating and cooling, but they would only operate for either heating or cooling 
at once. The solution to this problem was to replace these units with variable air volume units which delivered 
conditioned air to several different zones, with advanced control mechanisms. Alternative Energy Systems in Building 
Design [7] describes sustainable methods for building construction including solar, wind, and water energy systems 
as well as geothermal energy. The first application described is the largest and most complex operation: power plants. 
When water flows through cracks and faults in the earth’s crust, it becomes superheated and either emerges through 
hot springs and geysers or becomes trapped, which provides geothermal reservoirs. Water is brought to the surface in 
the form of steam at temperatures up to 250 degrees Fahrenheit, which drives turbines for power generation. 
Geothermal gradients involve drilled shafts that access hot rock which provide heat through circulated water. 
Geothermal power plants have a high potential in the north-western United States, where volcanoes have 
been active most recently. A geothermal case study for direct use rather than power generation shows that geothermal 
heat pumps are useful for air conditioning as well as heating. For one school in Riverside, California a feasibility study 
was performed to determine if geothermal heat pumps would benefit the school. A 250 foot test bore was taken to 
study the properties of the surrounding soil, and heat load calculations were performed to find out the performance 
requirements. The study showed that the piping arrangement should use eighteen 365 foot bores, using high density 
polyethylene tubing below grade and cooper above grade. Reserve return fields and zoning can help balance the 
system. Challenges to using geothermal energy with central HVAC include: extensive soil and environmental testing, 
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expensive mechanical components, engineering design difficulties, and a distraction caused by using new technology 
which can alter typical construction.
Geothermal (Ground-Source) Heat Pumps [8] is an article that describes the development of geothermal 
technology in five different countries around 2004, when such systems began to enjoy a marked rise in popularity. 
The authors work at universities or energy system corporations in the United States, Germany, Switzerland, United 
Kingdom, and Sweden. Heat pumps are known to produce several times more in electrical output than the electricity 
required to operate them. Ground source heat pumps are much more efficient than air source heat pumps, producing 
from three to six units of heating or cooling energy for every unit of input energy. Technical improvements that have 
improved the performance of ground source heat pumps include: the thermal response test which is used to determine 
thermal characteristics of underground soil, grouting material with better thermal conductivity, and retrofit heat pumps 
with increased supply temperatures. 
Geothermal Resource Assessment [9] is a contribution from three authors at Cornell University for the 
geothermal reservoir engineering report from Stanford University.  The article contains very technical information 
related to analysis of subsurface soil for heat flow, which is used to determine the feasibility of geothermal 
applications. The study involves data from New York and Pennsylvania, which are located in the northeastern United 
States, a heating dominant region, as opposed to the cooling dominant majority of the country. This geothermal 
potential of this area has not been fully explored because the available resources have been determined to be of low 
quality for electrical generation, which is considered the most important use of natural heat energy. However, the 
underground heat can still be useful enough for small scale heating and cooling or dual heat and power generation. 
3. METHODOLOGY
Our methodology is fundamentally based on literature review and the study of performance and economics 
of these systems in moderately sized retail buildings. Retail stores are outlets for companies offering goods to 
consumers, but they often face stiff competition from other companies offering similar goods. Therefore, there is a 
need for a retail company to differentiate itself from other companies and take steps to gain an advantage in order to 
attract more business. A company can do this by offering different products or providing an enhanced customer 
experience, interesting exterior and interior design, or anything else that may be attractive to social tastes. A specialty 
store is one that specializes in either specific merchandise or a target audience [10]. A specialty company can further 
separate its self from the average store by appealing to current trends that are important to the public. One way the 
company can gain an advantage is to provide an energy efficient building, which is one of the most important aspects 
of sustainable buildings. 
The advantages of a less harmful heating and cooling operation will extend past the owner to the surrounding 
community, which will appreciate efforts to improve the sustainability of the land, especially is other efforts toward 
greener practices are also included. A good further investigation into geothermal applications is to study the feasibility 
of geothermal heat pumps in a light commercial building. Hence, this study must determine an appropriate location 
and setting for the geothermal installation, and which of the various types of geothermal setups would be the best fit.
3. SUSTAINABILITY BY LEED 
Sustainable or green building is defined by the Environmental Protection Agency, or EPA, as “the practice of creating 
and using healthier and more resource-efficient models of construction, renovation, operation, maintenance and 
demolition.” In the 21st century; architects, engineers, and contractors are paying much more attention to these 
concerns than in the past. This trend began in the 1970s but only recently became commonplace in the industry. LEED, 
which stands for Leadership in Energy and Environmental Design, is a green building rating system created in 1993 
by the United States Green Building Council, the major authority for sustainable building [11]. Projects can receive a 
basic, gold, silver, or platinum certification depending on how many credits they satisfy. At first there was only one 
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rating system, but by 2009 LEED had grown to encompass nine more specific rating systems for design, construction, 
and operation of buildings, homes, and neighborhoods [12]. One of the more specific rating systems is LEED for 
Retail: New Construction and Major Renovations. This system has requirements more specific to retail projects than 
the general Building Construction rating system. LEED v4, the latest version, was introduced in 2013 and will become 
mandatory after October 31, 2016 [13]. The credit categories for this latest version are: Location & Transportation, 
Sustainable Sites, Water Efficiency, Energy & Atmosphere, Material & Resources, Indoor Environmental Quality, 
Innovation, and Regional Priority [14].
The category with the most credits by far is Energy and Atmosphere, so this is the one with the most potential 
to help a project achieve a certification. This category contains 33 of the 110 possible credits; including those for 
commissioning and monitoring, energy performance, sustainable power, and refrigerant management [14]. The most 
popular way to generate on-site energy is by installing solar panels, which could possibly supply all of the power a 
building needs to operate. More businesses are choosing to use solar panels because it can reduce or eliminate the 
electric bill, and because the cost of the panels is dropping dramatically. Many of the world’s largest companies now 
use solar panels, including Wal-Mart, Apple, Google, and Facebook. The price of crystalline silicon photovoltaic cells, 
which originally cost over $75 per watt in 1977, fell from around $6 per watt in the 1990s to less than one dollar per 
watt in 2013 [15]. Besides actually providing its own energy, there are steps that can be taken for a building to reduce 
the amount of energy it consumes. For commercial buildings, the two processes that consume the most energy are 
lighting and HVAC. Besides daylighting and strategic lighting, one way to reduce electricity usage for lighting is by 
using LED light fixtures. A Light-emitting diode bulb only consumes 500 kilowatt hours of electricity for the 50,000 
hours of its life. A compact fluorescent bulb would consume 700 kilowatt hours and require four replacements during 
that time, and incandescent bulbs are incomparable. LED bulbs are also more durable and do not have the performance 
problems of fluorescent bulbs [16]. 
Heating and cooling processes are responsible for the bulk of the utility or fuel bills for most buildings, which 
makes alternative systems very attractive to reduce operating costs. Air source heat pumps can make cooling more 
efficient, and natural gas is a cheaper alternative than fuel oil. However, the best way to improve the efficiency and 
drastically reduce costs for both heating and cooling in one system is to use geothermal heat pumps. Companies and 
the general public are becoming more educated about these installations, and more research and development is being 
performed to increase their use and improve their performance. Out of the 33 credits available for Energy and 
Atmosphere towards LEED certification, up to 18 credits are possible for optimizing energy performance. These 
credits are earned by demonstrating energy performance of up to 50% better than the industry baseline defined by 
ASHRAE Standard 90.1-2010. USGBC’s intent description for this credit is “to reduce environmental and economic 
harms associated with excessive energy use” [14]. 
SYSTEM ANALYSIS
There are four basic loop systems; one is the open loop system and the other three are closed loop systems: 
horizontal, vertical and pond/lake configurations. In open loop systems the primary refrigerant loop either adds or 
extracts heat. A secondary loop moves natural water from another source to the heat exchanger to supply the thermal 
energy. There must be sufficient distance between the supply and return piping so that the discharged water may 
regain thermal efficiency. High salt levels, minerals, bacteria, hydrogen sulfide and lime scale can be a problem, 
requiring acid cleaning every so often. If these levels are too high a closed loop system would be a better option. Heat 
is transferred a bit differently in closed loop systems, having to go across layers of dirt and extra layers of piping [2].
In the closed loop system the heat is transferred between the antifreeze solution and the refrigerant in the heat 
pump. The antifreeze solution is pumped through tubing that is submerged in water or buried under ground. There are 
two common horizontal layouts, one of which uses two adjacent pipes five feet deep in a two foot wide trench. The 
other set up uses one pipe at four feet and one at five feet. Slinky looping can be done in areas where traditional 
horizontal methods cannot because it allows for more piping in a shorter trench with lower costs of installation. If 
there is sufficient land for construction horizontal systems are said to be most cost efficient for residential installations. 
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Vertical systems require less land area to install and are used where there is insufficient soil for trenching, as typically 
seen in large commercial buildings and schools. Vertical loops are usually anywhere from 100 to 400 feet deep and 
approximately 20 feet apart. There is a horizontal pipe connected to the loops on the vertical systems that is also 
connected to the heat pump within the building. 
Pond/lake systems are ran underground from the building to the water and are coiled at least 8 feet from the 
surface to help prevent against freezing. If the water source meets the correct volumes and depths this could very well 
be the lowest cost option. Direct exchange systems are similar to closed loop systems considering buried tubing in 
vertical and horizontal configurations. However, the tubing for direct exchange is copper whereas in most other closed 
loop systems it is normally plastic. Heat exchangers are not used in direct exchange, and because refrigerant is 
circulating through the ground there are more environmental regulations. They have bigger compressors and often 
times require extra irrigation to keep the soil moist [3].
Typical geothermal systems can be divided into two categories: those that use the heat capacity of solid earth 
and those that use the heat capacity of underground water. When soil is used as the heat source or sink, either water 
or an antifreeze solution must be circulated through the piping to carry the heat towards or away from the building 
being conditioned. This is achieved through the conventional arrangements of horizontal and vertical closed loops. 
These system layouts have been the most popular throughout the history of geothermal heat pumps, and they are the 
most practical for residences. Also, if there is a lack of suitable underground water, it is the only option. Water source 
heat pumps extract water from either wells or bodies of water and either return the water to the same place in the case 
of closed loops, or to another area in open loop systems. If possible, the closed loop configuration is the better 
alternative because it contains the water to the same area, which can make installation easier. Also, there is no risk of 
harm or alteration to the environmental that can occur when water is moved from one area to another [17]. The closed 
loop system using a water source is usually referred to as the lake/pond configuration. Manmade ponds can be used 
instead of natural ponds or lakes as long as the water content remains sufficient.
Because the soil in the northeast United States is not well suited to be used as a heat source, the only practical 
option is to use a water source configuration. Well points can serve as a legitimate water source, but drilling can be 
expensive depending on the terrain and water levels. If it is possible to provide piping to and from the building, a body 
of water will provide the best geothermal system. For a retail store to use this system, there must be sufficient land 
available for earthwork. Usually when land is being developed in a commercial zone, several different companies 
open stores in the same area. During the site development phase of projects involving several acres, rainwater 
management is one of the most important considerations. A retention pond or basin is a common strategy to control 
the flow of water to prevent flooding and erosion. This is an artificial lake or pond surrounded by vegetation which is 
designed to consistently hold water [18]. If there are enough businesses planning to develop in an area, the necessary 
interest and financing will allow a large retention pond to be constructed. This can serve a dual purpose of water 
management for the overall site and a heat source/sink for the surrounding buildings. This can greatly reduce the cost 
of geothermal installations because the pond will already be planned. The site still must be studied to ensure that the 
pond is deep and stable enough to be included in a geothermal setup with the adjacent land. This is the best design to 
use for a 12,000 square foot retail store in the northeast United States.
4. DISCUSSION OF RESULTS
This geographical area has a climate that requires more heating than cooling, so the HVAC system is designed 
to provide for the peak heating load during the coldest season. The amount of heat required is described in British 
Thermal Units, or Btu. In this area a heating system needs to provide about 50 Btus per square foot of building area. 
Therefore the retail store must have a system with a capacity of 600,000 Btus. This is equivalent to a 50 ton unit, 
which is the typical unit of measurement for geothermal heat pumps [19]. The typical geothermal heat pump system 
costs about $2,500 per ton of capacity, so this one would cost $75,000. The installation costs are negligible compared 
to this amount, because the piping only needs to be placed in an eight foot deep trench and no drilling would be 
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required [20]. This is a high initial cost, but the cost of electricity used to power the heat pump system is much lower 
than the cost of fuel oil in a conventional system. In January 2014 in Vermont, the geothermal operational cost was 
$9.66 per million Btu. For fuel oil fired systems, the operational cost was $34.88 per million Btu. This takes into 
account the efficiency factors of 450% for the geothermal system and 80% for the fuel oil boiler [21]. Over a period 
of several years, these savings will offset the high installation cost of the heat pump system. The geothermal setup 
will require far less maintenance than a boiler system, and will last much longer.
Besides providing a cost savings to the company, the geothermal heat pump will also benefit the company in 
other ways. This type of installation in this climate would be unusual, and could attract attention to the store. If the 
store uses other sustainable technology, it can advertise as a green company. Potential customers are more likely to 
appreciate attempts at sustainability and may visit the store to contribute to a good cause. Large companies like Wal-
Mart have begun a trend in sustainable concepts that some smaller companies have followed. Companies that show 
initiative in green concepts gain a significant competitive advantage over those that do not. For example, two 
convenience store chains that are prevalent in the Mid-Atlantic region are Royal Farms and Wawa. Since 2008, Royal 
Farms has modified their store design to incorporate more energy efficient elements. 
This has included completely rebuilding some store locations. They have even changed their motto to “Real 
Fresh. Real Fast. Real Green.” to reflect their commitment to sustainability. In some locations, their efforts are enough 
to achieve a LEED certification. The modifications to the store setups include high efficiency HVAC, low-emitting 
materials, low flow and waterless fixtures, native landscaping, and a recycling program. The USGBC named Royal 
Farms in the national Top Ten LEED retail stores [22]. On the other hand, Wawa has not taken these steps toward 
sustainable buildings, which puts them at a disadvantage. This same concept can be applied to the retail store using a 
geothermal HVAC system and perhaps some other sustainable practices. These improvements will create a cleaner 
and fresher atmosphere for customers. 
If the store is profitable enough to open more locations, the site with the geothermal heat pump can be used 
as a standards, provided that the new locations have access to a pond. If not, ground source piping or well points could 
be used to create a similar system. Of course, the climate and terrain will determine which type of configuration is 
best, but the benefits from geothermal heat pumps should still be able to be applied to other locations. The company 
can develop a reputation for using energy efficient mechanical systems, which can help it to remain a step above the 
competition. If LEED certification can be attained for any locations, this adds significant notoriety to the company. It 
is becoming much more common for larger projects to aim for a certification, but it is a tougher endeavor for a small 
retail company.
5. CONCLUSIONS
Photovoltaic technology is developing much quicker, because the costs are dropping dramatically and the 
general public understands the benefits of the system. If the knowledge of geothermal heat pumps spreads to the point 
of solar panels, many more buildings will benefit from the energy savings they provide. This will also benefit the 
environment on a small scale, but not nearly as much as geothermal power plants. So far, these plants are still in the 
developmental stage and constitute less than a percent of the United States’ electricity generation, with 16,000 
gigawatt hours of energy for units installed by 2015 [23].
So far, only moderate progress has been made to use renewable energy for power generation and small scale 
operations. The technology of alternative power plants is still in its early stage, because fossil fuel has been used for 
so long before energy conservation became a major concern. There are other changes in the culture of developed 
nations, such as the developments in the transportation industry. Automobile corporations are developing hybrid cars 
and even pure electric cars. Gasoline with different additives that are less polluting are also being used. Natural gas is 
being used as a cheaper substitute for other fossil fuels and it is less polluting, which is a step in the right direction. 
However, the energy industry needs to be much more aggressive in replacing oil with a different alternative. There 
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are only 1.3 trillion barrels of oil known to exist in major oil fields. At the present rate of consumption, this source 
will only last about 40 more years [24].
Humans have only recently began to think about the environment they will leave to future generations. Since 
the Industrial Revolution, natural resources have been consumed for the benefit of mankind. No consideration was 
given to the damage that burning fossil fuels did to the environment. This trend continued into the 21th century, when 
it became known that negative effects to the environment were a result of consuming oil. Only recently has the 
international community begun to plan alternative methods to reduce the dependence on fossil fuels. As a result, the 
energy industry has begun the transfer towards using renewable energy sources. The most common alternative power 
generation method is hydroelectric power, which by 2010 was used for about 16% of international power generation 
[25]. On a smaller level, the construction industry has improved the design of buildings to require less energy to 
provide heating and cooling. The requirements for energy performance are becoming more stringent to ensure that 
HVAC systems are using less electricity. LED lighting is a promising technology that provides better performance 
and consumes less power. A reduction in power requirements for buildings means a decrease in the harmful processes 
that typically produce the electricity.
Geothermal technology is an evolving field with roots in the 1940s, and in the modern day it is a practical 
solution to use the earth’s natural energy. So far, interest and development in this field has remained modest. Research 
for the feasibility of the system and developments in their performance is a good start to realize their full potential. If 
the earth’s reserve of fossil fuel becomes depleted, the energy industry will have no choice but to use renewable 
resources. The earth is capable of providing all the energy the earth would need through natural processes that do not 
alter the chemistry of the earth. It is unknown if the global temperature will continue to rise, and the problems the 
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planet may experience by going into an unnatural state. Hopefully, the human race is capable of harnessing energy 
through methods that do not damage the environment.
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